Background: Urinary tract infections UTIs occur repeatedly after stroke and are related to bad outcomes with increased rates of deterioration in neurological state during hospitalization, death or long term disability as well as increased length of hospitalization. Factors found to predict UTI include stroke severity, depressed consciousness level, increased post-void residual urine volume, and diabetes mellitus. Stroke severity appears to be the most important predictor of infection risk. We aimed to determine the risk factors associated with UTI after acute stroke, and its association with outcome. Subjects and Methods: This is prospective cohort study. We analysed clinical data of 100 patients with first ever ischemic stroke. We assessed risk factors for UTI, as well as clinical outcome. Results: Urinary tract infection was found in 72% of our subjects. On univariate analysis, patients with UTI were more likely to have had a more severe stroke, more likely to be catheterized and more likely to have a higher serum creatinine level. The multivariate analysis revealed that greater stroke severity was independently associated with increased risk of developing UTI. Greater stroke severity measured by CSS was independently associated with unfavorable outcome on discharge. Conclusion: UTI is common after acute stroke. It is associated with more severe stroke.
Neuroscience & Medicine people affected yearly. Stroke is the leading cause of major long-term disability in adults and the third leading cause of death in developed countries [1] . Medical complications are frequent in the post stroke period and can prolong the duration of hospital admission, worsen stroke outcomes, and increase the economic burden of care [2] . Infections, including pneumonia and urinary tract infection (UTI), are among the most common medical complications in the post stroke period [3] . Urinary tract infections UTIs occur repeatedly after stroke and are related to bad outcomes with increased rates of deterioration in neurological state during hospitalization, death or long term disability as well as increased length of hospitalization [4] .
Infections can result in electrolyte disturbances, hypoxia, and elevated body temperature, which have, theoretically, a negative effect on vitality of neurons within the ischemic penumbra [5] . Fever may increase the cerebral metabolic demands, change the blood-brain barrier permeability, and promote acidosis and release of excitatory amino acids [6] .
The revealed risk of hospital acquired UTI varies significantly in the available studies with risks ranging from 3.7% to 65.8%. Differences in study populations, methodology and definition of infection may be the cause for these considerable variations in post stroke infection rates [7] . The majority of in-hospital UTIs are associated with catheterization but whether catheterized or not, patients with stroke have a higher rate of UTI when compared with the general medical and surgical subjects [8] . Factors found to predict UTI include stroke severity, depressed consciousness level, increased post-void residual urine volume, and diabetes mellitus [7] [9] .
A more severe stroke appears to be the most powerful predictor of infection risk. Basic research studies, suggest that ischemic brain insult may lead to a "systemic immunodepression" that predisposes to infection. In addition, stroke severity was a strong predictor for the degree of lymphopenia occurring during infection [9] [10] [11] .
Some reports suggest that antibiotics therapy in the early stages of stroke (even in non infected patients) minimizes cerebral ischemia and ameliorates the outcome [12] [13] . We aimed to determine the incidence of UTI after acute stroke, the risk factors associated with this complication, and its association with outcome.
Patients and Methods
This prospective cohort study included 100 patients who were admitted to the department of Neurology, Sohag university hospital in the period between october 2012 and December 2013. The inclusion criterion was first ever acute ischemic stroke within 7 days of onset.
Excluded from this study were patients with recurrent stroke, hemorrhagic stroke, subarachnoid hemorrhage, UTI manifestations or treatment immediately before stroke insult. Patients or their relatives consented to this study, which was Stroke was defined according to the definition of the World Health Organization as the rapid onset of a new persistent neurological deficit attributable to an obstruction in cerebral blood flow with no apparent non-vascular cause [14] .
The participants of the current study were subjected to detailed medical and neurological evaluation. Admission stroke severity was assessed by Canadian Stroke Scale (CSS). 
Laboratory Investigations

1) Sampling:
We obtained both blood and urine samples from all patients. Firstly we took 7 ml venous blood by venipuncture and divided in 3 tubes, the first was EDTA vacutainer for CBC, the second was ESR tube for ESR, and the third was plane vacutainer for chemical investigations. Secondly we obtained midstream urine sample in sterile cup for complete urine analysis and microbiological studies but at first we were sure that no antibiotic therapy in the last 48 hours.
CBC was done by celtac automated hematology analyzer after calibration. ESR was done by westergreen tube method.
Chemical examinations included random blood sugar, urea, creatinine, liver function tests (bilirubin, AST, ALT, alkaline phospahtase, albumin, total protein), electrolytes (Na, K, Calcium) and lipid profile. These chemical investigations were done by Bechman Synchron CX9 automated system.
2) Microbiological studies:
We did complete urine analysis then we inoculated the sample in nutrient agar, blood agar and Mac conkey agar to obtain separate pure colonies to be identified by VITEK automated identification microbiology system and according to the manufacture manual.
The VITEK System is an automated microbiology system utilizing growthbased technology. It uses colorimetric reagent cards that are incubated and in- 3) The viable bacterial count:
The dip-slides with Mac Conkey agar on one side and nutrient agar on the other were used according to the manufacturer's instructions. The viable count was assessed by comparing the density of growth on each medium with the manufacturer's standard charts. The diagnosis of UTI is established when the count is ≥ 10 5 bacteria per milliliter of urine.
Statistical Analysis
Analysis of data was carried out using the "Statistical Program for Social Sciences" (SPSS) for windows version 16.0.Categorical variables were expressed as frequency and percentage while continuous variables were expressed as mean ± standard deviation. Pearson Chi-square and independent student's (t) test
were used in univariate analysis. The threshold level for statistical significance was established at P < 0.05. Logistic regression analysis was employed to find the best predictive model. Variables with a p value < 0.05 in the univariate analyses were included as covariates.
Results
A total of 100 patients with first ever acute ischemic stroke were included in the study comprising 38 (38%) males and 62 (62%) females. The mean age "mean ± SD" in our subjects was 62.27 ± 13.1. The baseline characteristics of the subjects are presented in (Table 1 ).
The subjects were classified into two groups according to the presence or absence of UTI. The percentage of patients with UTI was 72% and of those without UTI was 28%. Figure 1 show the percentage of different infectious agents among stroke patients with UTI.
Gram positive cocci (mainly Staphylococci and Enterococci) were the most common pathogenic organisms and accounted for 35%. Mixed infection (Gram positive cocci and Gram negative bacilli) also accounted for 21% of the UTIs.
The percentage of Candida and Gram negative bacilli infections was 9% and 7%
respectively. Esc. coli, Proteus species and Pseudomonas aerioginosa were the commonest gram negative bacilli.
On univariate analysis, patients with UTI were more likely to have had a more severe stroke as shown by their CSS on admission when compared with those who did not develop a UTI (p = 0.010), and they were also more likely to have had a urinary catheter (p = 0.012) ( Table 2 ). There were also statistically significant difference in the serum creatinine level, which was higher in those diagnosed with UTI when compared with those who had no UTI (p = 0.041). The univariate analysis revealed no statistically significant differences between the two groups when comparing their age, gender, history of diabetes, history of hypertension, maximum temperature on admission or the type of IS according to the TOAST criteria ( Table 2) . The data were further analyzed by binary logistic regression ( Table 3 ). The dependent variable was the presence or absence of UTI, and the independent variables were stroke severity measured by CSS, the presence or absence of a urinary catheter, and the serum creatinine level. This analysis revealed that, greater stroke severity measured by CSS to be independently associated with increased risk of developing UTI (p = 0.013).
To determine the impact of urinary tract infection on the outcome of the ischemic stroke, the subjects were further divided into two groups; those with favorable outcome and those with unfavorable outcome ( 
Discussion
In this study, UTI occurred in 72% of patients following an acute stroke. Previous studies in stroke patients have cited an extensive variety of rates for UTI, from as low as 3% up to as high as 44% [16] . Indredavik and colleagues reported that hospital incidence of UTIs are very common among stroke patients of 16%
in the first week and 27.9% at 3 months [9] . Davenport and colleagues found an in-hospital UTI incidence of 16% in 613 consecutive acute stroke admissions [17] . Also with a multicenter study of 311 consecutive acute stroke admissions, the in-hospital incidence of UTI was 24% [18] . In another previous study of 1455 patients of acute ischemic stroke patients recruited to a randomized controlled trial, the authors found an incidence of 17.2% of UTI [10] . Stott and colleagues denoted that the wide variations of in-hospital UTI rates in stroke patients are likely to be a result of differences in selection of patients and in case mix [7] .
We have found, in both univariate and multivariate analysis, that stroke severity was a strong predictor for the development of post stroke UTI. This finding is online with the previous study of Indredavik and colleagues who reported that, severity of stroke as assessed by reduced consciousness on the Scandinavian Stroke Scale at admission was significantly associated with an increased risk for the development of UTI [9] . Our data also corroborate the previous findings that T-lymphopenia is detectable within hours after stroke onset [19] [20] and that its severity correlates with the risk of infection [21] .
Moreover, Tanzi and colleagues found that stroke severity is the most important predictor of infection risk following stroke [22] . The authors also, reported that patients with more severe strokes may be at higher risk of infection due to exposure to more indwelling catheters, but experimental data also suggest that strokes induce systemic changes in the immune response that predispose to infection [22] . A previous experimental data, suggest that ischemic brain injury may lead to a "systemic immunodepression" that predisposes to infection [23] .
In animal studies, this immunodepression is characterized by impaired lymphocyte function, which appears to be sympathetically mediated [23] .
The isolation rate of urinary pathogens is inconsistent with reports of other previously published studies [24] [25] [26] . The cause of that difference is the hospital acquired nature of the infection in our subjects and presence of urinary catheter in a higher percentage of them.
The high percentage of Candida infection in our study is likely related to immunodepression which is proved from previous studies [27] .
We have found that urinary catheterization, in univariate analysis, to be associated with post-stroke UTI. This finding is consistent with previous studies [7] [8]. On the other hand we did not find any association between urinary catheterization and post-stroke UTI in the multivariate analysis. This observation is in disagreement with that of Stott and colleagues, who reported that catheterisation is independently associated with increased risk of developing UTI in both univa- [7] . The link between urinary catheter and UTI has been discussed in several previous studies. Kunin and colleagues, reported that avoidance of unnecessary catheterization is likely to be the single most effective strategy in preventing UTI [28] . Other authors, advised that if a urinary catheter is used it may be possible to reduce the risk of associated infection by early removal, attention to detail in catheter-care or by use of modified catheters coated with antimicrobials [7] . A programmed reminder to nurses by physicians to remove unnecessary catheters has been shown to reduce duration of catheterization and associated infections [29] .
Our study-in the univariate analysis-identified a statistically significant difference in the serum creatinine level, which was higher in patients with UTI.
Our explanation of this finding is that, acute kidney injury is frequently encountered in patients with acute ischemic stroke [30] such effect may increase in stroke patients with other comorbidity. However, we did not find this association in the multivariate analysis.
Demographic (age and gender) and vascular (hypertension, diabetes, and cardiac disease) risk factors were not related to the occurrence of post stroke UTI in our analysis. Regarding these findings, there are contradictory results from the previous studies. In two previous studies age was reported as a risk factor of poststroke UTI [7] [10]. However, Donkor and colleagues did not find age as a risk factor of poststroke UTI [31] . Sex was not associated with post-stroke UTI in the study of Stott and colleagues [7] while female preponderance was found in the study of Aslanyan and colleagues [10] . A previous authors claimed that diabetes mellitus has an independent association with UTI [32] , while others did not [7] .
Our study was in agreement with previous studies [7] [22] which reported that post stroke UTI was associated with unfavorable outcome. However we did find this effect only in the univariate analysis. In the multivariate analysis, stroke severity was the only independent risk factor for worse outcome.
Our study does have a number of limitations. Firstly, the small number of patients which needs further investigations on a larger number of patients. Secondly, we did not employ strict pre-defined criteria for UTI diagnosis. Thirdly, the short duration of follow up limits identification of the accurate effect of poststroke UTI on stroke outcome.
